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in Aviation are coming right along; and, with all due modesty, we believe it can be 
said that the 

Da5^on -Wright Organization 

have never been behind as 


PIONEERS OF PROGRESS 

In the illustration above is shown our new 


which represents some recent depart-res in rirplane construction which will be developed 
in building planes for comrr.ercia' puiposes. Chief among these are the Retractable 
Landing Chassis and the Variable Camber Wings. 
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T he sixth race for the Gordon Bennett Aviation Cnp, 
which resnlted in the victory of the French defending 
team and Prance's iiermanent holdership of the famoos 
trophy, ahonld teach ns a valuable leason. 

It is generally conceded that tlie American entries for the 
Gordon Bennett aviation race are faster machines than the 
French types which finished first and second. Unofficial trials 
showed that our machines developed speeds around 200 m.p.h., 
whereas the best speed made by the winning Nieuport, which 
is homologated as the world’s record, is only 184.8 m.p.h. 
This speed record was made last December and was not eqnal- 
led in the Gordon Bennett race, Sadi Lecointe's average speed 
being only 168.8 m.p.h. 

Why then did our challengers fail to bring the Gordon 
Bennett Aviation Cup back to Americaf The answer is sim- 

alrcady' being flown last winter, ours w'ere designed, built and 
flight tested only a few months before the race. As a eonse- 
qucncc. while the French engineers had ample time in which 
So eliminate the infantile troubles every airplane displays on 
its trials, and the French pilots Jiad likewise sufitcient time to 
get the "I'cel” of their machine nnd the resulting confidence 
as to its performance, our engineers and pilots hod very little 
ebonee to w'ood out the feeble points of our challengers. 

Such being the case, it is hardly astonisliing that tlie Gordon 
Beniuft Avintion Cup should have Ijcen won by France. The 

fcrauince may be superior to anything they are likely to meet 

The Gordon Beini<-K Balloon Rac- 
Thc Gordon Bennett bnltoon raCe which will bo held at tVe 
end of this month at Binningham, Ala., while less spectacular 
than the recent Gordon Benm'tt aviation race, promises to 
afford an interesting demonstration of the skill of the best 
balliKinists of the United Stntes, Belgium, France nnd Italy. 

American balloonists have so far won four of the elglit 
eonirats for the Gordon Bennett Balloon Trophy, but as the 
Amerieaii vdetories did not oeeur three times in succession the 

Individual skill ia not always snfSeient for the winning of a 
balloon race, for luck plays an impoHant part in sneh contests. 
Bence, good hick to onr balloonists 


Commercial Aeronautics 

The outstanding attempts at running a non-government air 
transport service are the lines from London to Paris, Amster- 
dam and Brussels. Tlie service to Paris has been in operation 
under the same management for over a year and the other lines 
have been running thronghont the summer. The snoesss of the 
speriment was in doubt at tbe start of tbs summer, but it now 
seems assured in view of the tremendous increase in traffic 
daring the last few months. 

The fignrea issned by the Air Ministry show that for the 
week of May 24 to 30 there were eighty-fonr flights in which 


a total of 138 passengers were carried. On 38 trips additional 
load in the form of mail or exprsea was aboard. 

Dnring the week of September 12 to 18, 128 flights wen 
made and 295 passengers carried. In addJtiou mail or express 
or both were carried on 87 of these flights. These data ar« 
very encouraging. The gains in nnmbers of passengers, good^ 
snd flights all indicate greater confidence by the public in tliia 
form of transportation. Analyring further, the figures show • 
state of affairs favorable to profits. Tbe avenge number of 
passengers ]>cr flight has arisen from 1.6 in May to 2.3 in 
September, and tbo percentage of flights with goods or nuul 
as well jumped from 46 to 68. 


The HaiKiley Page Wing 

An American patent was issued on Septettdier 21, 192(^ 
to Frederick Handley Page on a new type of aerofoil which 
has for its object a high lift at large angles and a low ree«- 
fance at small angles. 

The result is accomplished by entting a slot or series of 
slots in the wing near and parallel to tbe leading edge. Tbtss 
slots are at an angle of about minus thirty d^rees to the wiag 
chord, and prevent burbling at high angles, The lift eocifl- 
cient is tlieraby allowed to increase beyond the nsual barilla 
I>oint. At small angles of iueidence it is advantageous to m<<ve 
tho forward port of the wing back so as to close np the slot 
or alota. In this condition tbe aerofoil may have a low resis- 
tance shape. Moving the leading edge forward at hi^ 
angles to form a gap may be likened in effect to adding to Ihe 
wing area by increasing the chord. 

The nieehanieal difficulties anticifiated in applying this xn- 
vention are not great and it remains only to find the best shape 
and arrangement of aerofoil and slots. As to the advantai^ 
which the new wing embodies, (hey promise to bd snffieieDlly 
important to clieit keen interest among aeronautical engin- 


Jet Propulsion 

In view of the possibility of designing a power plant Blm»t 
without moving parts, it is surprising that so little has been 
done with jet propulsion. The prospective reliability is veay 
great. It would seem to be easy to change the direction of Ihe 
propelling force. The jets might be distributed along Ihe 
wing and thus apply the effect of slipstream over tbe whole 
surface to increase the lift. Experiments could possibly be 
carried out* by barnessing the exhaust of the present intenul 
combustion motor for the energy supply, thns avoiding Ihe 
danger of depending on such a novel form of power for ex- 
perimental work and allowing some of the attendant problems 
to be worked out in advance of a flight test with this soncoe 
of power Slone. 

Used as an auxiliary means of propulsion in Uio oombinatiOD 
with the motor, tbe overall effideney might be improved. On 
account of its simplicity and Sexibility, there are a great many 
uses to which ihiti principle may be put, of which the above 
are but a few of the more obvious. 
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Development of German Aireraft Engines’ 


By tltlo Schwager 


The resDit of this test is remarkable by reason of the fMt 
that the maximom mean pressnre increases when the numbered 
Te^'olatioIlB increases (see Fig. 8). It may therefore be «•' 
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cloded tbot increased compression ratio is particularly 
pitioos in the case of high-speed engines. The increase i 

S pidity of consamptioo U also due to the fact that the 
fctive pressure actually increases, with higher conipre 
ratios, more than mi^l be expected from the thcor 
standpmnt. In Fig. 10, the power, turning momenta and 
consumption of the Bens 200 hp. engine. No. 32524, are s 
with difterent compression ratios in terms of the numb 
revolntions. They show that the engine gives bad results 
the maximum compression ratio 6. such results being d 
Rpontsneous combustion snd already aignalled by the v: 


ion of super-eompre 
ructed for high a' 
of the adaption of the a' 


e fuel comsumption. 


settle the qucstioi 

working requirements. An effort must be made t 
loss of power at all up to the customary flying altitudes, 
are two ways in whicli this might be done, and which i 
to practically the same thing; by inducting fresh air L 
.- — — . gj ground level p 




•t the 


titnd 


avariable. The flret i 


ally too large for the gear, and with ita power th 
to its nominal hp. up to a certain altitnde. 1 
engine may be called “over-sised,” or said to hav 
specially adapted to high altitudes. 


lethod entails 
I tbe form of 
• construction 
e proportion- 
iirottied down 
liU type of 


Preliminary compressors for aviation engines, in the form 
of turbo-compresaors, are either bmng constructed or being 
tested in different places. Tbe furthest advanced is that of 
Brown, Boveri & Co., who have constructed an installation for 
giant airplanes of IMO to 1100 total bp., at the request of tbe 
Board of Directors of the Air Service. The compressor was 
driven by a special Uereedes 130 bp. engine of such dimen- 
siODS that the total power of the installation remains constant 
up to an altitnde of about 5000 m. Complete tests were carried 
out with regard to tbe combined working of a Mercedes 260 
bp. aviation engine and a preliminary compressor, in tbe 
vacuum chamber of the Zeppelin Airship Works at f^edrich- 
shafen, and it was proved that tbe desired end eonld be per- 
fectly well altsined. Flying tests nisde since that time have 
alao proved tbe utility of tbe installation. 

Al^t the lime that the Administration of tbe Air Service 
entered into negotiations with Boveri .Brown Sc, Co. eoneeming 
preliminary compressors for aviation engines, Sehwade Sc Co., 
of Erfurtfa, brought out designs for s turbo^mpressor to 
be directly coupled with s Mercedes 260 bp. enpne, snd it has 
been tested at the test-bench. The blower is work^ from tbe 
rear end of the erankabaft, by mrsna of centrifugal conpling, 
with 10,000 to 11,000 r.p.m. Such biglfwbeel velocity is re- 
quisite in order to obtain the highest possible peripheral speed 
and to reduce, in eona^uence, the number of wheels; con- 
sidering the slight quantity of sir exhausted by the compressor, 
small wheel diameters must be selected to obtain wheels of the 
neeeseary practical size. The quantity of air supplied by the 
compressor is sneb that the engine power remains constant 
until an altitude of 3500 to 4000 m. has been attained. It was 
not considered advisable to proceed farther at the time, as it 
woold bsve necessitated the use of propellers with adjustable 
blades in order to obtain the fnll benefit of the improvMuent, 
and it was not yet known if they could be successfully applied. 
In the ease in question, propeliere of larger pitch were to be 
used, running at low whrel velocity on the ground but gaining 
sneh a high torque that the cngioe should be aa fnllv charged as 
at 1400 r.p.m. It is intended thnt the engine should be corres- 
pondingly overloaded by the anper-eompressor. Tbe wheel 
velocity should increase with increased altitude and should 
attain 1600 to 1550 r.p.m. at the altitnde at which the power 
remains constant. The advisability of such an overload de- 
pend entirely upon the strength and preasnre of the surfaces 
or upon the frictional energy of tbe gear, by which the temper- 
atures of combustion are not afferted. The proof of the 
possibility of sneb over-loading has been furnished by tests 
sinee earned out at diflferent places. The Sehwade blower waa 
installed on an AEO-O-urplane for testing in the air. It ia 


unfortunate that the machine was lost in a filing aceid^ 
which was in no respect dne to the location of the blower. 

With a view to avoiding oscillations that night arise at Ih 
rear end of the crankshaft, in drivii^ high-sp<^ blowers, ud 
which might threaten to cause the utility of the whole instil, 
lation to be doubted under certain conditions, a blower tl 
equally high power was simultaneously ordered at the Siemsm- 
Schuekert Works, to be driven by the screw end of the crank, 
shaft. Tests made since that time with the Sehwade blose 
show that it is evidently possible to avoid the influence 
oscillation on tbe gear in using hand-coupling or coupling be 
centrifugal force, although the oscillation itself will not it 

As in tlie ease of fixed engines, teste are also made witt 
turbo-compressors on rotai^' engines. 

In order that the carburetor may be subjected to conditiesi 
similar to those of the sea level in the combined working o( 
eoiiipressor and engine, the float chamber must be placed u^ 
blast pressure. When the gasoline is supplied under pns 
sure, the tank is subjected to the pressure of the compnsm 
as well as to the usual pressure of 0.2S to 0.3. It is prefn. 
hie, however, that the tanks should not be subjected to presasn 
and that the gasoline should be supplied by means of ptutga 

Fig, n shows tlie power ahsorhed by the sliove-mentioetd 
turbo-eompreasor. In order to maintain constant engine poan 
up to an altitude of 6000 m., 8.8% of the engine power «■ 
required. Being relatively small, that quantity can be 
from the engine without any difficolty, hy means of overltsi 
ing. Consideration most also be given to tbe fact that an a- 
crease of power at 6000 m. is added to the engine powerci 
the ground because the engine only exhausts at an atmosphm 
of about 0.6, while it beeves rharged at a pressure of DA 
that is, during the time that the suction stroke acts as a coo- 
pressinn enpne. If, therefore, the pressure in front of tk 
carburetor is to remain constant until high altitudes in 
reached, by preliminary compression, the engine power issB 
not mei-ely remain constant but must also increase. This hii 
bm n positively proved by the results of tests carried curt a 
tbe vacuum chamber at the Zeppelin Works at Friednehsbsfa. 

Oversized engines proved to be more simply adjusted thu 
those with preliminary compressors. All complementary btuU- 
ing parte are unneeeasary with the exception of a regnlstiB| 
device to he installed in front of the eaxburetor. There ea 
be no doubt but that this engine will come to the fore in tit 
fature, although the preliminary compressor may have tki 
oreference for its comparatively high power at altitudss si 
6000 and 7000 m. At the present esrly stage of developraol, 
it cannot yet be definitely stated at what altitude the preUu- 
inary compressor has the advantage ns retards weight T? 
to 4000 in., however, the over-sized engine is certainly prefir 
able in respect of weight and construction. The cirenmteroN 
of the cylinder stroke naturally increases with altitnde is tb 
ease of the over-sized engine, until the altitnde is attained rt 
which the power is to remain constant (see Fig. 12). 

The FctnbUUi*a .of S»p*r.Compreasion 

In this figure, the neeessap’ increase of volume of stroke s 
shown without tbe possibility of any additional Bnper-ee» 
pression being taken into consideration. If super-eompresMS 
is employed at tbe same time, the volume of the strakis it 
materially diminished. Below 4000 m., the increase of wd(k 
through increased stroke volume, snd the lengthening of lb 
total eonstiuetion thereby necessitated, would appear to eznd 
the weight of a preliminary compressor. The question raantt, 
however, be determined bj- considering the weight alone, f" 
the present, greater safety in working and more conveniBl 
inboilding may rather be expected of the over-sized mg— 
titan of the engine with preliminary compressor, as the 1^ 
requires to be driven with highly sensitive spur gear with tip 
tooth velocities. . 

Th* Maybach engine was not only the first super-compreWl 
engine, hnt also the first over-sized engine, although its 
size was not so highly developed as in more recent tj-pea Tb 
Bavarian Engine Works, Ltd., went a step further wit h tW 
185 hp. It rambles the Mereedra 160 hp. engine 

power mnains constant up to almost 3000 m. The high di^ 
of compression of this engine is remarkable. It attaiu ^ 
without the creation of any difiicultiee. This fact is piohm 



to be ascribed to skillful induction of the cooling water into 
the cylinder-head. The Siemens and Ooebel engines are ex- 
stuples of over-sized rotarj- engines. It was Professor Jankers 
who first recognized the mlvanti^res offered by over-sizing and 
obtained a patent for the same.* 

Engines with preliminary compressors and over-sized en- 
gines require constant regulation of the preasnre in front of 
tbe carburetor while climbing. For engines with preliminary 
rompressors, the inlet air or in the case of turbo-compressors, 
the air forced into the carhnretor, can be throttled down or 
■Uowed to escape through a pressure-valve. In over-sized 
engines, tbe inlet piping must be equipi>ed with a throttling 
device which so regulates tbe pressure in front of the earbn- 
rctor chat it always corresponds to the pressure of the altitude 
St which the power is Co remain constant. It may be done by 
hand, according to readings of the altimeter, or it may be reg- 
ulated natomotieolly. The latter method is preferable in so 
fir that there is then no risk of damage to the engine at low 
altitudes, hy inexpert handling. 

These automatic regulators are eonatrueted like barometric 
installations. Figs, 13 and 14 show a utilizable plan of the 
Lorenz type of propeller, which consists of an unloaded donble- 
sceted valve. It is worked by means of a caontchonc mem- 
brane filled with air at the pressure prevailing at the altitude 
in qnestion. This membrane is placed in the space in front 
of Uie carburetor, in which the pressure is to remain constant. 
As equilibrium always prevails while the gear is in action, 
there is similar pressure on both sides of the membrane, inside 
snd outside, and eonseqnntly no stress is brought to bear upon 

In the same way that the float ease of the carburetor must 
be connected with tbe pressure chamber of the blower in the 

boat ease be connected with the space in front of the carbu- 
retor when the engine is an over-sized one. In the same man- 
oer, over-sized engines msy be overloaded at the start, for a 

the overlo^ can evidently only be carried to sucb a point as 


Veriablt Piuh PropaUer 

The construction of variable pitch propellers goes hand in 
hand with tbe development of altitnde engines. Here, too, 
■tisfaetoiy progress has recently been made. A design has 
been fuini^ed by Prof. Reissner in which tbe pitch is regn- 
latni bv band and which has been shown to be otilizahle when 
tested with overloading. The Lorenz propeller tyi>e give* an 
•atoumtie variable pitch propeller, in which a caontchonc mem- 
brane inflated with air at 1 d^. absolute temperature eausra 
tbe pitoh variation corresponding to the given altituda This 
^T>e of barometrical device has the advantage of enabling the 
tsqoisite regulating power to be easily obtained by the relative 


dinirnsions of the membrane. To keep this power aa low aa 
possible, the axis of rotation is placed as nearly as possible 
in the center of pressure. Flattering of the blades is prevented 

The firm of Qaruds has also taken np the eonstrnction of 

ment now in hand, the pitch being so adjusted, by means of 
a centrifugal force r^ulator and a fore-coupled hydraulic 
Servo-engine, that the number of revolntions remaines coti- 
stant. The constructive system ia extremely cleat and sum- 
mary. Such variable pitch propellers should be an acquirition 
on normal engines, as the^ render it possible to fly with s 
normal number of revolutions during tbe climb and thus to 
utilize the engine power to ita full capacity, In time of war, 
the speed of the airplane <mn be aocelerated by oorapresaion 
at the moment of danger just as well ss at present, in spile 
of the constant nnmber of revolutions, the propeller being 
simply sutomatically adjusted for larger pitch. 


The ^'right Airplane Patents 

The following statement was issued on 8ept«uber 11 by 
attorneys representing the Wright Aeronantieat Corpora- 

“The Aerial Transport Corporation recently declared that it 
intended to use in its transport service some of the Handley 
Page airplanes which the British Oovemment sold to the 
English Handley Page syndicate at abont one per cant of 
cost. Suit was ^most immediately started by the Wright Cor- 
poration which owns the Wright Airplane patents, to prevent 
this use. The United States Jud^ in Deiavrare him juHt 
decided that there is no need at the preseot time for an in- 
junetion to prevent tbe use of these English machines as it 
does not now appear that the Aerial Transport Corporation 
intends to use these foreign made mirplanea. Tbe Judge d»- 
elarcd that if in the future, the defendant should nee or 
any action lookjng to tbe use of these planes, the Wri^t 
Aeronautical Corporation had the right to apply for an in- 


Navy Radiophone Successful 
Capt, George W. Steele, jr., U. S. N., commanding the Air 
Detachment, U. S. Atlantic Fleet, has reported to the Navy 
Department that the transmitting equipment installed on Nave 
aircraft recently modified to operate on the new standardised 
wave length, bu proved entirely successful under teste. The 
Installation of distant control for ignition system has prao- 
Ueally eliminated all ignition noises, both on the ^trai^g 

rednetion of iguitiOT noises permita intorconununioatioa 
between aircraft in flight for distance# np to ten miles. 


The Dayton-Wright R.B. Racer 


Waterman Type 3-L400 Airplane 



Tbs DAVTov-WmaiiT Cbaujinbee roa the Gcsiion Beknett Ccp (250 He. Hall-Soott Liberty Six Engine) Which Is 
REHASKAIII.S FOR It« C.vntileves W1NO8, Caubeb Trim Qe.ir and Retractable CNiaatCARBiAOE 


Tbr Dayton-Wrigbt entry in the Gordon Bennett race sbowe 
s decided departure from the Usual type of aircraft in the way 
of wing and landing gear conatrnction. The two-fold parpoec 
in designing this racer was : Arat, to bring the Gordon Bennett 
cop back to America, and, second, to oRer to the aviation world 
something new in airplane constrnction and performance. 

The wing eonatnietion is of the cantilever type provided with 
variable camber which permits of a low landing speed in com- 
parison with the maximum flying speed. The landing gear ia 
so designed that it can be dra<vn entirely np into the fuselage. 
It does not have an axle extending from one wheel to the other 
which permits of taking off on eotnpantively rough groiind. 

A 6 eyi. 260 hp. Hall-Scott motor installed in a streamline 
fuselage develops snffleient power to pnll the ship through the 
air at a rate of approximately 200 ni.p.h. 

DuRensionj 


Chord at fuse Inge 

Chord at tips 

Overall len^h 

Overall heighth in line of fli^t 

Incidence 

Main wing (inclnding ailerons) .... 

Ailerons, rear 

Stabilizer 

Elevator 

Rudder 

Balance of rudder 

Fin .. 


Weight empty 

Useful load 


21 ft. 2 in. 
6 ft. 6 in. 
4 ft. 0 in- 

22 ft. 8 in. 
8 ft. o in. 

1 deg. 


14.6 s«| 
9.6 sq 
T.06 sq 
.85 sq 
3.00 sq 


1400 lb. 
450 lb. 


Total weight folly loaded 1850 Ih. 

Wing loading per sq. ft 18 lb. 

Power loading per hp 7.4 lb. 

Poww Piam 

Motor — Hall-Seott, 6 cyl. vertical, water-cooled. 
Developc 250 hp. at 2200 r.p.m. 

Weight per hp 2.2 lb. 

Fuel consumption per b.b.p. per hr. .58 lb. 


Per/ornnmee 

Landing si>eed 

CrnUing radius 

Flight duration 

Ceiling 


Spark plugs need are AC. 

Delco Ignition System. 

Two Miller carburetors. 

Foxboro, N.C.R, and Sperry instruments, 

Radiator made by Dayton-Wright Co. using tubes inanufsc- 
tured by U, S. Cartridge Co, 

Tires made by Goodyear Tire & Rubber Co. 

Wheels made by Dejion Wire Wheel Co. 

Veneer furnished by National Veneer Products ijo. 
Celluloid in windows fnmished by E. I. Dnpont dc Xemonrt 
Co. 

Aluruinnm Cowling made by Dayton-Wright Co. from 
aluminum furnished by Aluminum Co. of America. 
Propeller made by Martsell Propeller Co. 

Shock ahsorher cord furnished bv J. C. Wood Elastic Co. 
Clock fnrnisbed by Waltham Clock Co. 

Vnlspar varnish made by the Valentine Co. 

White lead made by Carter White Lead Co. 

Alnminnm made by the Bronx Powder Works. 


N. A. C. A. Report 

Presscre Drop in Rasiator Air Tubes. Synopsis of Report 
No, 88, National Advisory Committee for Aeronautics. 

This report describes a method for measuring the drop in 
static pressure in air flowing tbrongh a radiator, and sboes 

in degree of contraction of the jet in entering a cireolar cell 
and a square cell, (3) the ratio of internal frictional resistanet 
to total heed resistance for two representative types, (4) tin 
effect of smoothness of surface on pressure gradient, and (S) 
the effects of supplying heat to the radiator on preason 
gradient. 

The fact that the pressure gradients are fonnd to be approx- 
imately proportional to the square of the rate of flow of air 
appears to indicate turbulent flow, even in the abort tubes of 
the radiator. 


The latest prodnet of the airplano manufacturers of 
Southern California is the Waterman three place De Lux air- 
plane recently completed and tested at Venice by the Water- 
man Aircraft Manufacturing Company, a description and 
genera! specifications of which appear below. 

GENEKAI. SPECmCATIOSS 



1 bulkheads. As Ihe 
e penela AlT^ 

s special stock, using canine glue. The v 
fastened to the longerons and bnlkbeads with easine glue and 
brass nails and screws. The center section struts are of the 
picture frame type and are built into tbe fuselage. They 
extend to the bottom longeron and completely snrround the 
ends of the lower wing beams. AU the cowling is of three 
ply maliogany veneer with one ply of muselin. 

Tbe motor is mounted on ash sills which rest on two bulk- 
heads and protrude through the rear one and act as a mount- 
ing for the main gas tank. The motor cockpit is completely 
encased in an aluminum fire pan, with suitable drains. 
Alumintuo cowling completely covers tbe motor. Side t}i>o 
radietors are used, They are set at an angle of 27 deg. to the 
vertical and are provid^ with shutters which can completely 
^t off the flow of air. The top tanks of the radiatora are set 
into the nose of the upper wing, and conform to its slmpe. 
Twelve gallons of water are carried in tbe whole cooling 



known Army type Le Pere, but in detail, general arrangement 
and wing area there is considerable variation to mert civil 


In construction ibe wiugs do not vary greatly from the 
conventional practice. The beams are spruce of the costomiiry 
“1" section. All wchs gre of in. three-ply mahogany tnd 
poplar with ash capslrilis. Tbe rib spacing varies from 11^ 
in. to lOVx in. There are four conipresmon struts to 
wing. All internal wiring is double, 3/16 in. tie rods being 
used. ' Tliree-ply niahogsny veneer covers tbe nose. No 
stringers faavc boon us^. but in their place four rows of 
cotton tape wrapped three times around the web and capstvip, 
and then from one rib to tbe next from top to bottom iind 
vice versa. Tbe covering is of Grade “A** linen with the rib 
sewing reinforced with selvage tape. Seven coats of dope 
and three of varnish cover all surfaces. 

Both interplane and center section struts are of the pietare 
frame type built of five-plys of spruce. At the corners, the 



General View or the W.itesuan Type 3-L400 Touring Airplane 


requirements. This machine has been designed to particularly 
meet the requirementa of high speed, long range, high rate of 
climb, low landing speed, all eombined with a high factor of 
safety and liucnrious appointment. 

Fcuslsse 

The fuselage is of tbe rectangular veneer type with bulk- 
beads and longerona. There are four longerona, r-sH in front 
spliced to spruce in the rear. These are attached to flve 
bulkheads of eleven ply poplar and birch veneer. Tbe bottom 
sad sides of the fnselage are covered with mahogany and 
poplar veneer which is flve ply in front and three ply in the 
rear. This covering acta not only as the ticing member be- 
tween the longerona and the bulkheads, bnt as As chief load 
rariying member of the fuselage construcHun. Tbe vertical 
forc<,‘ is also transmitted Ehrongh diagonal spruce members 


direction of grmn of tbe second and fonrGi plys is 45 deg. 
to the vertical. The direction of grain at all other places is 
parallel to tbe member itself, ’ntis construction enbeely 
eliminates all stagger or incidence wires. Eight biaricets 
hotted to the strut attach it to the beam throng bolts com- 
pletely clamping the beam. The conventional system of wiling 
is used. Every wire in the machine is double with the excep- 
tion of the four drift wires. 

g/Widiiig Goar 

The under carriage does not differ widely from the tjpea 
used on heavier machines. There are three strata on each side 
of seven-ply laminated spruce. Each set is made np ss a 
unit with the second fourth and sixth plys having a cross grain 
at the bottom. Tubular shock abaortier carriers are mounted 
on the stmts and axle parallel to. the direction of flight. At 
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DWting the two sliula. To each end of tbU are fastened four 
wires which lead to the lower intermediate strut stations. Tills 
forms a very rigid truss, the wires at various times taking lift, 
landing and drift stresses. A 2V4 in. axle and 8011 mni. x 150 
mm. tires and wheels are used. 

A rather onique system of aileron contiol is used. The 
ailerons themselves are built entirely of steel tube. The beam 
is 1% in. by 18 ga. and the riba in. 20 ga., while the trail- 
ing edge is % in. 10 ga. The whole is hingi^ on three 1% 
in. X 2 in. bearings. The beam of the lower aileron is ron- 
neeled to a l^i >n- tube by a dog joint at its bntt. This tube 
runs parallel to the wing heani to the center of the fuselage 
through two bearings. To the inner end of the tube o twenty- 
four tooth bevel gear is attached by means of a taper and key. 
This gear in turn engages with a twenty tooth bevel gear 
monnted in a similar manner to the end of the stick control 
shaft. Nautrally the weight of each pair of ailerons balance 
each other and the result is a smooth light running, fool proof 
control. The upper ailerons are atlarhed to the lower ones 
by an adjustable push and pull rod. 

Taa Sutfncta and Skid 

All of the tail snrfaees are of steel tube of similar size and 
mounting to the ailerons. The control of the radder and 
elevators ia by the customary horn and wire method. Both of 
these units are well balanced and work very lightly. The 
stabiliser is adjustable and of the neutral lift type, It is 
binged from the rear with the front attached to a shaft upon 
which is cut a coarse thread. This engages with the thread 
on a broiuse drum which in turn ia connected with a hand wheel 
in the pitot's cockpit. 

tail post carries the skid. It merely consists of a three-leaf 
spring secured to the housing and having a suitable shoe bolted 
to the tip of the lower leaf, 

Goso/ine Syu^m 

Gasoline is supplied to the motor by gravity from the 
twenty gallon renter section tank through two % in. lines 
which are provided with a strainer and dirt trap. There are 
three tanks in the fuselage, one carrying 68 gal. and the 
other two 20 gal. each. Two gear pumps driven bv air screws 
mounted below the fuselage pump the fuel from the lower 
^an ^^t o the ui>|:wr one continuously. A i^ndpipe in the cen- 

so the upper tank is kept full at all timea until the supply is 
exhausted in the lower tanks. A sight gauge is connected to 
the return line showing the proper functioning of the imrnps. 


Either, pump will more than supply the motor. The systea 
IS so-arranged that either or both pumps may draw from any 
or all tanka. Likewise the return can ^ directed to any t«nS 
Tbc absence of air pressure and its accompanying danger of 
. fire and trouble is certainly a great advantage. 

The oil is carried in two tanka with a total eapai'ity of U 
gal., mounted directly under the motor. 

iuirumenu 

In the pilot’s cockpit there nre mounted the following in- 
struments: Altimeter, tachometer, air speed indicator, eloA, 
compass, oil pressure gauge, thermometer, gas return gangs 
and three gasoline gauges. The passengers’ «>ckpit in ths 
rear U equipped with an altimeter, clock and air speed indi- 

Finish and Eguipmeni 

Since the fuselage covering is of mahogany, the whole 
machine is finished to match. All wooden parts, whethw 
mahogany or not, are of mahogany piano finish. Fifteen coat* 
of stains, fillers and varnishes are on all exposed wood parts. 
All were rubbed down between each coat. All metal parts 
are nickel plated and polished. The cloth work is left natural 
The pilot’s seat is wicker with a deep spring cusliioiu Th* 
passengers' cockpit seate two people side bv side. It is com- 
pletely sealed in with mahi^ny and is luxuriously uplioUteiad 
in French plush. A eelleratte and locker sre provided in the 
dash and a large luggage carrier under the back seat. A iil^ 
carpel is fastened to the floor. Both pitot and passengers 
are provided with laminated glass wind diields with adjus- 
table wings. These are so effective that a passenger can fly ia 
ordinary clothes without goggles or helmet with perfect com- 
fort. The pilot and mechnnira also enjoy the luxury if aa 
eleetric self-startor and a dash primer. ' 


The Westland Six-Seater 
» British machine is similar to the Westland Liiiiousin* 
istrurtion, but is larger. 

s fitted with a tail trimming gear so that no ballast is 
ary. For heating in cold weatlier, there is a heatiiig 
longside the center exhaust manifold which introduce* 
esh nir into the diffusiT box. The principal dimensions 


Weight fully loaded . 
Napier Lion engine . . 
Surface of planea, Bile 

section 

Span (both wings) 
Chord ( both wings ,, . 
Height (overall) .... 

Lengtli (overall 

Gap 

Stajger 

Incidence 

nihedral 

Tail plane 

Elevators . 


Rudder 

Ailerons (each) 
Propeller ...... 

Petrol capacity 
Oil capacity . . 
Water capacity 
Five pasHengers 


5.560 


40 


7 ft. 

ilS de^. 

2.5 deg. 

' " sq. ft. 

sq. ft. 
9.8 sq. ft. 


15.9 




Gordon Bennett Aviation Race 

The international 300-mite airplane race for the Gordon 
Bennett -Aviation Cup, which «as held on September 28 at 
Etampes, Franee, wns won bv Sadi Lecointe on a Nieuport 
type 20 ( 300 hp. Hispano-Suiia) in 1 hour 6 minutes 17 1/8 
seeonds, or at an average speed of 1G8.26 miles per Iiour. 

CapUin dc Komanet, on a Spad (300 hp. Hispano-Snia), 
a team mate of Sadi Lecointe, finished second in 1 hour 3t 
minntro 53 2/5 seconds and was the onlv enmpetitor bead* 
Lecointe to finish the race. 

All the other entries, including the American chslicngeiii 


The Small Airplanes of the British Competition 

First Rctiorl «... the SritM Air Ministry Competition for Commrrrial Aircraft by Kdtrard P. Varner. 
Acting Technical Assistant ia Europe of the Nttlioual Advienry Committee for Acrouaulia. (Excerpt.) 


This report descrilies some of the salient features 
rion held by the British Air Ministry in August, 1 


n Mea 


leral 


The six machines entered were the Avro, Austin, Bcardm,. . 
Bristol, Sopwith and Westland. All are biplanes except tin 
Avro, which is the same triplane sliown at the Olympia Show 
.511 are single-engined tractors, with fuselages of the conven 

Tlie speiifleations require that airplanes in tins class variy 
irew in both instaneea, and the list of entrie* covers the fnl 
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itted. 


dntion, ‘ is the Austin Kestiel. which has a wide fuselage 
wating one passenger beside the pilot, there being no cabin 
or covering over the cockpit. The next step upward is repre- 
^nted by the Beardmore pnd the Bristol, eaeh of which carries 
only one passenger in addition to the pilot, the passenger being 
inside a eabin while the pilot is in the open. In the Beardmore 
the |>assenger sits in front of the pilot, in the Bristol behind. 
In neither case is there n real cabin, nor U there anv door cut 
in the side of the I'nselage. the extent of the proleetion being 

and occess to that corkjiit being gained by a ladder. The 
rating accommodation of all these machines will be discussed 
in greater detail later in the report. After this eomea the 
Sopwith, in which there is n real cabin with seats for two 
pai,seiigeiB facing each other, the jiilot being in an open 
cockpit forward of the cabin. The layout of Oie Sopwith is 
identical with that of the Payton-Wright Honeymoon Express. 
There is no machine entered, in any class, in whieli the pilot's 
seat is eneloscd, and all the pilots and designers with whom 
I have diaeuased this matter are strongly opposed to putting 
the pilot inside a cabin. They do not appear, however, to have 

The fifth machine in order is the Avro, in which there are four 
scats inside the cabin, two facing forwards and two backwards, 
and the pilot's cockpit lieliind the cabi — • • 


somewhat greater than on the JN. Tlic cutting away of the 
trailing edge is most pronounced on the Bristol. 

The positioning of the spars presents nothing very unusual. 
On the Beardmore, where there are aileronson the upper wing 
only, the spars are placed quite differently in the upper iind 
lower wings, although are of nearly if not quite the same 
chord. The spars are farther back on the upper wing, pre- 
sumably in order to decrease the chord of the aileron. The 
apiwr rear spar ia thrown back farther than the npper front, 
and the struts accordingly diverge as seen in side view. On 
the Sopwith and Bristol the aileron chord U decreased still 
more without the necessity of moving the spars from their 
most eflicient positions by using a fnise spar, as was the 
common practice on Geman n ' ' • - ■ 


ccted t 


1 sddili 


0 the 
rable bonus 


pilot daring the trials, nlthough there is i 
for (lie carrying of additional weight. Fi 

entrants, ronies the Westland, which is sinuisr lu uui nut 
identical with the commercial machine shown by that firm at 
lllympia. The Westland carries normally five jiassengers be- 
sides the pilot, who occupies a cockpit behind the cabin and 
iipening into it, so that it might be [losaible for a passenger to 
change places with the pilot in the air. In any event, com- 
lomiication between pilot and pa.ssenger U faeilitated. 

There follows a tabulation of the areas and weights, the 
latter being the result of actual weighings at Martlesham 
Heath. 
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e-and-a-half strutter" or 

tioD with Warren truss. Aa a corollary of the absence of 
overhang, none of the interpinne struts slope outward as 
viewed from the front, but the center struts do so slope on 
two or three of the eonipeting airiitanes, notably on the 
Beardmore. where they are inclined nearly 45 deg. There is 
a little positive stagger in most instances, but nothing ex- 
cessive. Sweep-hack is uakaown, but diliedral (usually almut 
3 deg.) is applied on all wings in all rases. 

The Irosses are all eonvenlional in general. Stroam-line 
wire is used throughout for all external bracing of the ving 
truss, knd enough confidence in that material ia felt so that 
the flving wires arc not necessarily doubled, being single on the 
Beardmore, Sopwith and Westland. Where the flying wires 
are single, the landing wire U usually of the same aise as the 
opposed flving wire. This seems to be a rather inefficient dis- 
tribution of material. The only eccentricity of bracing outside 

from thrower rear wing hinge to the center of the inner bay 
of the ui>per rear spar. It is believed that thia wire la intro- 
dneed in order to assist in triangulating the structure against 
rolling moments and to prevent the rear spar from moving 
laterally at the center section and taking an S-curve, there 
being no cross-wiring in the rear truss of the center s^on. 
rather than to provide an additional point of support for the 
upper rear spar under normal symmetrically distributed h-ada. 
The Bristol and Westland have three bays on each side of tbe 
fuselage, all other eomiietitors two. The A^, of «u^, ^ 
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With regard to tbc aerofoil sections employed and the plan 
form of the wings, four of the lux machines entered have 
sections closely resembling the R.A.F. 15, while the Avro and 
^iirdmore have a more pronoum-ed camber oh tbe lower 
surlace, «-itIi no PhilUpa entry. The 


external drag wires, tbe Bristol and tl 
entries with any external drag hraeing 
Bristol has one wire on each aide running 

spar, the .\\-ro one to the middle front. J ne total ommaion 
of such wires on four machines out of «x is a very encourage 
ing mgn of increasing cleanness in design, and it is to be hoped 
that Amercau designers will follow the example thus set. 

Before discussing the renter section bracing, the nature and 
the efficiency of which arc laigcly dependent on the type of 
strut and end aKaelmienfs used, something must be said re- 
garding the intendane strata. The steel tube strut is constant- 
ly gaining in favor, the Austin, Sopwith and Beardmore 
employing steel stmts throughout, while all the bther er' 


steel tube i; 


the . 


1 the Beardmon 




.ingements i' 

simple forms. The Austin and Beardmore have three steel 
tubes arranged in the form of an N on each side of the o’litcr 
section, the drag load being carried through the diagonal tube. 
The inclined member in the Beardmore mns upward from 
front lo rear, in the Austin upward from rear to front, so 
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th&t e nonual drag load on the opper wing throws the diag- 
onal into tension in the fiiwt case end into eompresaion in the 
second. There is little to choose between the two dispoationa, 
however, as the drag load is always likely to be reversed in 
sign by the effect of the stagger wires, wfaieb pull the apper 
wing forward during a dive when the (tliort atagger wire 
serves to equalise the lift deflections in the front and rear 
tmaHca. The other four machines liave the usual wire bracing 
in the sides of the center seetiun. Tlip cross-wiring is coin- 
niaelune except the So|>with, wliere, as already uoted, it is 

omitted from the rear. Extra wires niniiing forward from tie 

stmts. In most instanmi the c-enter section struts are vertica], 
blthuugli those on the Heardninre diverge widely and those on 
•he Sopwith slightly. Their arc no pyramidal or inverted-V 

The only folding wings are on th<' Bearilniore. In order to 
increase the rigidity of this liiachinr, end because of the very 
wide center section, an additional wire lias liecn run directly 
from each comer of the renter section to the corresponding 
lower wing liingc. This is Kiinilar to the arrangement on the 
Pfala I>. Xtli but these wires on that machine replaced the 
center section cross-braeiiig. 

Fusetsscs 

Tlicrc ia notiuug very unusual about the fuselages of any 
of the eonipctiiig airplanes. All are of the conventional form, 
with such modifications ns nre necessitated hy a eabin, and 
the most interesting construetioiial I'entnre is the extensive use 
of steel couatructiun. The Austin niicl the Bearitmore, at 
least, arc all-nietat, the Austin lieing of steel and the Iteard- 
morc of duralumin, and the Kristol, ,So|>with and Westland 
also embody a large amount of steel in the eonstruction of the 
fuselage. The Austin fuselage contains no wires at alt, the 
tubes being arranged in the form of a Warren truss. There 
is no braaing or welding of joints either in this machine or 
in the Sopwith. sockets snd riveting being nsed throughout. 

Some of the fuselages are very deep, particularly on the 
“coupes.” The fairing on the Bristol rises, at the passenger’s 
cockpit, aliout 2 ft. above the upper longerons, and then falls 
away very rapidly, meeting the longerons forward of the tail- 
plane and giving the machine, in side view, a pccnliarly hump- 
backed appearance. 

Rngine-supixirf design offer* nothing new except in one 
instance. Tiie Austin engine lied ia rarried by a triangulnteil 
structure of steel IuIh's, iimeh like that on the Vouglit, an 
intermediate sup]>ort for the engine l>earers being fnmUlied 
by a pressed-steet yoke. The Bristol bed is in aeeordanee wntli 
tiieir usual practice, being of the "shelf’ type with all struc- 
tural members exeei>t a nniple of light rniliator bmees in the 
lower half of the fuselage and below the engine bearers proper. 
This of course decreases the depth and the structural effici- 
ency of the forward part of the fuselage, but it is extremely 
conducive to ace-essibility of the engine. The Westland 
bearer* are somewliat similar to the Bristol, the central sup- 
j>ort for tie Irearers being J'umidied hy two inverted V’s of 
steel lubing, the bearers resting on the apiees of the V’s, The 
V’s are clos^ and the structure triangulated by a tube, with a 
binge at its i-enter, wbieb runs across the fuselage. The 
Sopwith bearers and tbeir support are similar to those on the 
JN. On the Beardmore the engine-bed is unique, being of 
dnraluroin, and the conatmetion ia absolutely identical with 
rigid airship conatmetion. The sections are the same, they 
are triangulated into lattice girders in the same way. and the 
riveting is the same. The general amugement of the assem- 
bled members is not unlike the arrangement which would be 
used with steel tubes. All members are duplicated throughout 
the fuselage, the factor of safety being double the required 
value and the rupture of any one member being permissible 
wnlhoot collapse or dangerous weakening of the strmetnre, yet 
the weight is by no means excessive. 

It is noteworthy that the Beardmore Co., which has probably 
had as mnch experience with atmctoral work in light alloys as 
any one in the world except some of the Oermaru, is not at 
all optimistic with respect to the manufacture of all-metal 
machines with metal wing covering. The objection is that 
duralumin is still a tricky niatorial, being liable at times to 
non-homogeneity which cannot readily be detected when new, 
and that this diversity of nature through the metal causes 


corrosion to appear in some parts. Tho metal wing cowrior 
itself is so durable that the internal structure of the wing is 
likely never to be inspected, and that structure is liable to 
deteriorathm. The Beardmore firm has found in the rigid 
airships that frequent inspection is necessary in order to catoh 
incipient corrosion of the girder membei^ The trend of 
opinion in Bugiend seems to be toward the scheme adopted 
by the Blackburn firm in its “aerial tramp,” planking tte 
wing surface u-ith strips of veneer, rather then toward ell- 

An interesting point in Che constiUctioD of the Aostin is Uk 

tire-wall. Instesd of embodj-ing a layer of asbestos sheeting, 
as is the common practice where any serious attention is givn 
to fire protection, the watt consists of two thin metal plates 
separated about half an inch, and with louvres in the eowlii^ 
so placed that cool air ie kept constantly circulating between 
the two pletcs while the machine ia in flight. 

The cowling is very good on some of the entries, particulariy 
on the Sopwith, where it closely resembles that on a car in 
detail arrangement. The engine is eompletcly covered by the 
pressed alnniimim cowl, which is sha|>ed to fit the heads with 
a eleamiice of .vbout 1/10 in., and the cowl ia held down by 
a few s|>ring tatehea, so that it can lie removed quite as easily 
and quickly as on an eutoniobile. Complete cowling of courae 
requires an increase in radiator size, but it gives a very nett 
appearance to an airplane. 

Seating arrangements have already been briefly commented 
on in connection with the general introduction, but there arc 
a few special fenturcs which call for further remark. The 
Sopwith cabin, the layout of which has already been describe 
has a sliding batch over the rear. The rear end of the hatch 
cover carries a windshield, so that 1^- sliding the hatch forwi^ 
the pe.sscngers can put Ujoir heads out and get the same view 
wifh the seme protection from the wind that they would get 
in a cockpit. A number of the competing machines are fitted 
with stoves on the exhanst and butterfly valves so that air can 
be admitted to the cabin either from the stove or from the 
free atmosphere or with tlie two mixed in any desired pro- 
portion, so making it possible to keep a constant temperature 
inside. 


Most of the cabins are fitted with permanent steps or lad- 
ders to assist entering and leaving, but the Beardmore has t 
very neat folding ladder, lying back alongside the fusel^ 
when not in nse. The side pieces nre channels and the hi nf^d 
rungs are small enough so that, ivben folded, the two eliannds 
lie snugly together with the rungs between them. 

Landing Cear^ 

The questiim of landing gears is a very vital one in this 
competition liecouse of the extraordinarily severe requirements 
as regards landing distance, and three of the six eompolitois 
have fitted brakes to deerrasc the length of run. There are 
no air-brakes or flap gears here, as these devices appear to be 
ont of favor. Some of the companies have tried air-brnkea, 
but report them n good deni of trouble and of very little use 
in steepening the glide. 

The divided axle has n strong following here, being used by 
the Westland. Beardmore. and Bopwith. The most reasonable 
argument in justification of the divided axle is that put forward 
hy the Beardmore designer, who says that it is more satisfae- 
tory in side-slipping landing because the axle is definitely 
held with respect to lateral position. 

Two of the landing gears, those on the Beardmore and the 
Austin are perfectly oidinary in design, the first, as already 
noted, employing a divided axle, while the Austin gear is 
substantially of the type used on all American airplanes. The 
AvTo landing gear, too, presents nothing radically new, 
although it is of a rather unusnal type, there being no crees- 
member between the ridc-meinbeia with the exception of the 
axle, which is of stream-lined form. The rubbw shock ^ 
sorbiers arc mounted inside of rases helt-way up the landing 
gear struts, ns on the Handley Page. The skid is of sn<b 
length, and mounted in such a position, that the tail-skid, the 
rear end of the main skid, and the two wheels all make <xm- 
toet with the ground simultaneously when the machine is at 
rest. The main skid has a eniall claw at its rear, and a coo- 
siderable braking effect can be obtained by pulli^ tbe 
eleiTitor np when taxi-ing, so that most of the weight is 
thrown onto the two skids. 

Of tbe iwnaining entries, the Bristol may be taken first s» 


least novel. Tbe landing gear is a V of the ordinary type, 
with a continuous axle, but a brake baa been added. The 
brake ia of the band type operating on the hubs of the wheels, 
end is smsU and well coooealed. To’ prevent the machine from 
going over on its nose if the brake ia applied with excessive 
seel, a short skid, if that name may fairly be appli^ to a 
member shaped approximately like tbe bowl of a spoon, is 
pieced under the propeller. This protector is carried by two 
steel tubes hinged near tbe lower ends of the landing gear Vs, 
uid its vertical movement is restricted by a tube running to 
the nose of tbe fusetafc. This vertical is telescopic and is 
sprung, in order that the shock of bringing the skid in con-, 
tset with the ground may not bo too violent. 

Passing from the Bristol to the Westland, a different type of 
landing gear, and one which creates an exceedingly favorable 
impression, is cneountcred. The fnndamental basis of the 
Westland chassis is s longitudinal beam (not a skid) of 
I-scetion, carried by four struts arranged in two V’s. The two 
axles are hinged on either side of this beam. To prevent 
longitudinal motion of the wheels, a tie-bar is run from the 
enter end of each axle (just inside tbe wheel) to s {mint near 
the forward end of the longitudinal beam w'here it is hinged. 
The layout of the landing gear has the form, viewed in plan, 
of an isosceles right triangle, with a ]>on>endicular (the longitu- 
dinal member) erected at the center of the hypotenuse and pro- 
longed both beyond that aide and beyond the opposite vertex. 
There is a single member running from the juncture of tbe 
axle and the radios rod on each sido to the fu^lage, and this 
mcm)>er telescopes near its middle, with the shock-absorbers 
carried inside a cas e , as with the Avro and the B-P. At the 
forward end of the longtitudinal beam two more wheels are 
carried as an auxiliary to come into play when the brake 
is applied strongly. These wheels are mounted at the ends 
of an axle about a foot long, which is bound to the longi- 
todinal with crossed rnbber cords in the usual manner. The 
Westland brake is an internal-expanding bond on each side 
of the main wheels, and is applied through Bowden wire. The 
drums are shout 15 in. by Wi in. 

Finally, the Sopwith started with an ordinary V landing 
gesr with divided axle. For the competitions, an anxiliary 
structure with two additional wheels has been built onto the 
front. This, instead of being entirely a subsidiary attachment 
IS in the Westland, is practically a copy on a smaller scale 
of the main landing gear. Tbe wheels are a little smaller, but 
divided axles are us^ in the same way and the track of the 
front {>a‘r of wheels ia only eight or ten inches less than that 
of the rear pair. The brake is substantially indention! with 
that on the 'Westland and seems to be very effective. 

The average of tbe tail-skids is better than it was at 
Olympia, although one or two of the competitors affect the 
external pyTamidal structure. It is interesting to note that 
two machines (Austin and Bristol) use helical steel springs 
for shock absorbing in the tail-skid in place of the traditional 
mbher cord. 

ComroU and Tail Sur/oces 

Like the landing gears, the controls are of special interest 
because of the provision in the competition rules that all 
machines niust fly entirely self-controlled for five minutes. 
They are pernntted to carry out this test with the controls 
locked or free, as tbe entrant may prefer, but, as a matter 
of fact, locked controls sre in the majority. All the machines 
except one are provided with means for locking the rudder 
(there were two exceptions, but tbe Avro people found it 
necessary to improvise a rudder lock if they were to fly 
steadily uncontrolled), a majority can lock the elevators, and 
at least one of the competitors intends to lock the ailerons 
during tbe self-controlled test. 

To turn first to the form and area of tbe tail surfaces, all 
appear to be too thin for the beat results either aerodynami- 
caJly or structurally. As for the plan form, rake has almost 
disappeared from horizontal tail surfaces, tbe Beardmore 
being the only entry which has a tail form similar to that 
of the JN. In general tbe tips of the tail are nearly parallel 
to the plane of symmetry, the object being to keep tbe eleva- 
tor in behind the tail-plane. 

The areas of the control surfaces and tail-planes are tab- 
per cent. ’ P >« 7 



The average ratio of area of elevator to area of tail-plane 
is .69. This is undoubtedly smaller than the average would be 
for a similar group of French machines, but it is much higher 
than the averoge Ocrriian figure and all aerodynamie experi- 
ment indicates that the ratio could be reduced at .5 ’rt-Ji 

profit (this figure baa been reached on the Sopwith). 

Tbe adjustable tail-plane is universally employed, and is 
of course necessary if the airplane ia to Hy with free controls. 
Even if tbe elevator is locked the longitudinal stability cun 
be much angnieiited by a proper tail-plane setting. The 
Austin and tho Westland liave the fin adjustable as well, hut 
not during flight. The leading edge of the fin can be set over 
to one side, as in tbe Fokker, to connterbalanco the alip- 
strenm effect on the rudder. The Westland has two small fins, 

the tailplanc, tlic rudder standing by itself with no fin in front 
of it. 

Some measure of agreement is at last being reached on the 
balanced control question, nt least so for as the wisdom of 
attempting to balance is concerned, although there is still a 
bewildering variety in the methods employed. The prest-nt 
position is that rndders are nearly always Glanced, elevators, 
never, and ailerons on large machines but not on small. Of the 
nine machines entered in tbe two classes of the Air Ministry 
competition, all have balanced rudders and none have halanicd 
elevators. The three large airplanes and three of tbe six smell 
ones use balanced ailerons, the three which do so in the class 
now under discussion being the Westland, Avro and Sopwith. 
The Westland and Sopwith use the old type of balance with 
tbe aileron extending forward of the hinge and beyond i.be 
wing-tip, while the Avro employs the auxiliary-surface ar- 
rangement. The baloncing area is about 11 per cent of the 
total in the Sopwith and 9 per cent in the Westland, wtdle 
tbe Avro carries on each side a single balancing surface about 
10 in. above the middle wing, each surface being about 5 ft. 
by 9 in. and being mounted with the trailing edge 9 in. for- 
ward of the aileron hinge. With respect to balanced rudders, 
it is the general rule to have the balancing portion behind the 
fin. instead of completely above it as in the DH. Tbe Wiet- 
land is of course an exception to this. This tendency is 
carried farthest in tbe Avro, the rudder of which is appreri- 
matcly circnlar in form and hinged along a chord of the 
circle, so that the balancing portion extends over the whole 
height of the rudder. The rudder vibrated rather, badly when 
released, before a locking device was fitted, and the A'Vrc 
representatives attributed this trouble to the form and po- 
sition of the balancing portion. 

Analogous to the trend toward relatively smaller clevatora 
Is the tendency to decrease the chord of tbe ailerons. The 
ailerons on the Sopwith are tapered so that they do not pro- 
ject as far to the rear at their inner ends as the trailing eilges 
of the adjacent fixed portions of the wing. This gives the 
wing a notched appearance when seen from below. The maxi- 
mum width of the aileron at its outer end is approximately 
equal to the distance from the false spar to the trailing edge 
of tho fixed part of tbe wing. The chord of the aileron at the 
inner end ia about 6 in. 

Turning from aerodynamic to mechaaicBl questions, the 
design of the controlling mechanism is coDventional in most 
instances. The Bristol and Westland still cling to the o|>er- 
ating cranks outside the fuselage, but these have disappeared 
from all the other machines. In the Beardmore and the Aus- 
tin the cleaning-up procees has gone a step further, and 
poetically all control wires have disappeared. Tbe Beardmore 
has two sets of cranks connected by a steel tube and with a 
toision tube inside of the tail-plane. In the Austin wires run 
from tbe elevator horns to pulleys inside the tail-plane near 
its leading edge. They are then led inside the fuselage and 
thence to the control column, only about 18 in. of each irire 

On the Bristol and the Beardmore all control horns are 
cantilevered, no wires running to the trailing edge or the 
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The valU of the slot or slots, co&siderizig a wing section, 
are preferably carved rearwardly from the lower opening to 
the upper opening, it being a practical consideration in the 
construction that the air passii>g through the slot should be 
directed with a mininium poeeible change of direction from 
the under surface where there is pressure to the upper surface 
where there is suction. 

We have found that by ooostmcting the wing with one or 
a plurality of slots as above stated, a greatly increased lift 
eoefHrient can be obtained by such a wing when inclined at 
considerable angles to the air through which it is driven. By 
this construction we are enabled to use a slightly cambered 
wing of the type possessing n high ratio of lift to drag and 
at the sanie time secure the advantages of a highly cambered 
wing, say on a machine carrying heavy weight without the 
disadvantages of such a highly cambered wing which have been 
above stated. 

The invention further provides means whereby the slot or 
slots formed between the auxiliary wing or wings and the main 
wing can be mechanically wholly, or partially, opened or 
closed preferably by the aviator while in flight, and this is 
particularly advanta^us for application to a high perform- 
ance machine, in which, owing to the normal high speed of 
landing, the great advantage is obtained of being able to 
reduce the landing speed by opening the slots, the latter at 
other times being closed. 

It will be understood that when the slot* are permanently 

tying heavy weights, whereas previously to this invention such 
a machine would have had a very highly cambered wing with 
its attendant disadvantages, the open alot or slots enabling the 
wing to be at considerable angles to the air through which it 
passes and to maintain the lift even when flying at slower 
speeds than has hitherto been possible. 

'Where it is desired to construct a wing so that the slot or 
slots formed between the auxiliary wing or wings and the main 
wing shall be capable of being closed at will, the auxiliary 
wing or wings can conveniently be made so as to be capable 
of Imng moved into contact with each other and with the 
rearwaH main wing, as by pivoting the auxiliary wing to the 
main wing, or equivalent means may be adopted for effecting 
elosnre of the slots when required, the invention not being lim- 
ited to the mechanical details of the mesns by which such clo- 
sure may be effected, but the means should be such that the 
slots on both sides of the longitudinal center line of the 
machine are actuated together. 

The invention will be further described with reference to 
the examples of construction shown on the accompanying 

Figure 1 shows by a diagram view, a wing section formed 
with a single throngh slot comprised between a front portion 
or auxiliary wing and a main rearward portion or main wing, 
said slot extending in length transversely of the direction of 
motion of the wing through the air, and Fig. 2 is a similar 
view showing a plurality of anch slots according to this inven- 
tion. 

Figs. 2 to 7 show an example of construction of the inven- 
tion in which fbe auxiliary wing is pivotally connected to the 
main wing so that the slot aforesaid can be opened or closed, 
and also illustrates an example of the means by which sneh 
opening or closure of the slot can be effected by the aviator 
dnring flight. 

Fig. 3 is n sectional elevation of a portion of the wing 
showing the pivotally connected auxiliary wing in the pMition 
taken when the through slot is open. Fig. 4 is a plan view of 
the same, and Fig. 5 is a sectional elevation showing the 
pivotally connected auxiliary wdng in position when the 
throngh slot is closed. Fig. 6 is a plan view of an airplane 
flying machine constructed with the pivoted auxiliary wing 
as at Figs. 3 and 4, and Fig. 7 illnstrates a means by which 
the auxiliary wing can be moved so that the through slot can 
be opened or elos^ at will by the aviator. 

The diagram at Fig. 1 shows a wing section having a single 
throngh slot 1 form^ between the auxiliary wing 2 and the 
main wing S, in which latter, 3 and 4 represent the spars, or 
what has been explained as equivalent, the wing section has 
the slot 1 formed between a front portion 2 and a main raar- 
ward portion 5, and obviously the anxiliary wing 2, might 


le slot I so formed, is located near the nose or front por- 
of the wing section and extends in length snbatantWly 
wing in a direction transversely of the line 


ig 5 snd also the anxili- 


throught ^ 

of flight. 

Tbe nose of the auxiliary wing 2 i 

ary wing 2 is set at an angle 

tbe angle of incidence of the main wing, so as to 
mask the leading portion of the latter. The slot 1 is 
formed so that the opening on the upper surface of the wing 
is at a short distance rearward of the openii^ of the slot on 
the under surface, and the slot 1 on the lower surface is 
greater in dimension in the direction of tbe line of flight than 
the same slot on the upper surface, 

^At big. 2 a wing section is shown having two auxiliary 
winsra 2, 2* foiming between themselves and with the main 
wing 5, two through sloU 1, 1% the slot I" extending parallel 
with the slot 1 and the slot 1 is of greater dimension in the 
direction of the line of flight than the slot 1*. 

Id order to fully explain an example of a means by which 
the invention can be earned into effect so far as regards the 
operation of opening snd closing the slot or slots dorhig . 
fliglit by the aviator, the construction will be now referred to 
•s shown at Figs. 3 to 7. 

Referring more partieulariy to Figs. 3, 4 and S, the auxiliary 
” ' ! rearward ends of which may 
u(,uii oubstantially vertical pivota 8, 
card spar 3, of the main wing 6, while the 
|is 7 carry by approximately vertical 
ing 2, and by reference to Fig. 4 it 


rried by a 
niently be pivob 
d from the f_. 
rd ends of the 


wing 2 is distanced from 


will be observed tl: 
plurality parallel I 
fliglil, the auxiliary 

md^lhe nose of the „ „„ 

that of the main wing; it will also be oWrved that the slot 1 
is produced which ha.s its lower ojK-ning of a larger dimension 


in the direction of flight than its upper opening, and farther 
that the lower opening is forward of the upper opening, and 
t^ walls of tbe slot are enrved rearwardly. It may be men- 
tioned that the auxiliary wing 2 is slotted at 9, Fig. 4, and the 
front part of the main wing 6 is slotted at 10, Fig. 4, to ;>er- 
mit of the angular movement of the arms 7. It will be readily 
understood that by placing the arms 7 at an angle as indicated 
by dotted lines at 11, Pig. 4, the anxiliary wing 2 will be 
closed npon the leading pert of the main wing 5 as shown at 
Fig. 6, while when in the position ^own in Figs. 3 ami 4 
the slot 1 is open, the anxiliary wing 2 thus having adjostment 
relatively to the main wing after the manner of a parallel 

Various constructions of means may be adopted whereby 
the aviator may effect the opening or closing of the slots and 
in the example shown in Figs, 6 and 7 as aoplied to the ton- 
struction described with reference to Figs. 3, 4 and 6, the 
machine is fitted with a hand lever 12 within reach of the 
aviator, tbe position of which can be governed by a sector 
13 as is well known, and the hand lever 12 is flxed on a sliaft 
14, which in the instance illustrated at Fig. 6 has flxed on 
cither end a bevel pinion 15. 

is divided centrally into two parts, which when moved to tMir 
closing position aptironch each other at the central division. 

Each bevel pinion 15 gears with a bevel pinion 16 fixed 
on a shaft 17, the upper and lower ends of which are in r.gid 
connection with the arms 7 of the anxiliary wing 2 adja<‘ent 
to the longitudinal center line of the machine and fonn the 
vertical pivots of those particular arms 7. 

By this arrangement, considering a biplane machine aa at 
Fig. 7, tile auxiliary winga 2 of both the upper main wing and 
tile lower main wing will be simultaneonsly operated and 
adjusted in jioaition by the aviator through the medium of tbe 
lever 12. 

Obviously so m to assure uniformity of motion between ths 

7 of the npper and lower main w-ings may be cranected at 
other point* by vertical shafts indicated at 18, Fig. 8, 


Some Mediterranean Seaplanes 

With a Digression on Airscrews 
B> G. n. Bryan, F.R.S. 
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w'orc kindly received by Commander Joan 
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itly, however, rcgnrding tbe accumulation and 
ires. Commander Lalmrdc referred to the hi^ 
repairs were re<juired, and tainted 


lical when 
machine from the store 
-a view doubtless held 

e navigatimi 


duaij>ing 

timl under prevailing 
a miii-hine needed rejiair to take a 
ratluT than to mend up an old one — a 
by many others similarly placed. 

In rcgartl to the general problem of 

patrol, it is evident that Commander Laborde is confronted 
^th conditions dilfering considerably from those prevailing 
in England. Low lying foga are very rarely met with on the 
northern shores of the M^iterranean where clear skira and 
briglit sunshine occur often for weeks at a time. On the other 
hand, the tempestuous character of the Mediterranean Sea 
w been known and commented on from the earliest historic 
tinnu. Consequently there are many days well suited for 
flying on which the waves are so rough that tbe floats of an 
erdina^ sea plane would soon be dashed to pieces by them. 


really elTirient type of machine which can make a descent 
either on land or on the water. 

■While the flying boat tyjie ha* thns been found best to meet 
tbe requirements ot Mediterranean navigation, it is not very 
'orpedo practice and for this purj'ose Commarder 


. VO strong boats, 

- - is raised above tiiem 

the torpedo being carried directly underneath it and also on 
a higher level than the boats. 

We wore next shown a biplane that was being experimented 
on, lilted with three engines and screws, two of them traclots 
at the .sides and the third being flxed behind them in the center. 
In tius machine which appears to be an Italian make, it was 
found that considerable loss of efficiency was caused ^ the 
elip-stream of the front screws affecting the rear one. In 
discussing this point Commander Laborde maintained the i-iew 
' ’ of efficiency does not occur when propellers 


fact. It was, moreover, not necessary that the screws shnnld 
have different pitches, and the airangemcnt as he pointed ont, 
possessed the advent^ of not requiting differently construc- 
ted engines for the two screws since two similar engines p<iint- 
ing in opposite directions would produce rotations in contrary 

learn Commander Laborde*s opinioiL on 
many practcal men have condemned the 
on tbe ground of loss of efficiency, althc ngh 
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on geoerol groiuids it ought to be tiie ideal arrangemeot to be 
aim^ at. Of eomw the problem of air}'lanr etecrii^, stabil- 
ity and control generally would be greatly simplilid if we 
could get rid of not only gyroscopie action but also of the in- 
tcrde]>CQdeQce of the longitudinal and lateral motions ariwng 
from the rotation of a propeller in a definite sense and the 
cTect on the components of air resistance, Practical men tell 
us that tbesa effects are unim|>ortant. but what is usually un- 
important may give trouble in a sadden emergency. 

But at the risk of enunciating theoretical views which may 
fail to be realized in practice I feel justified in now giving ex- 
pression to a long felt opinion; namely that ao far from loss of 
efficiency it should be possible to obtain considerable increase 
of efficiency by the use of compound airscrews, although this 
might involve considerable chaoges in the form and construc- 
tion of the screws themselves. It would be good at least to 
l>oint out that the form of propeller which systematic inveeti- 
gations have proved to Uie the most efficient when acting sing- 
ly is not necessarily the best adapted for working on the com- 
|K)und principle. 

The nwtion which the blades of s propeller impart to the air 
oiay be resolved into <1) an axial component representing the 
translational velocity of the slipstream, (2) a rotary or tan- 
gimtial component (3) a radial or centri:hi^ component. 

Now with a angle screw there are two ways of obtaining in- 
creased speed. One is by keeping the pitch small and increas- 
ing the number of revolntions per minnte; the other is by in- 
creasing the pitch. 

Both from the experiments at Farnborongli in the Summer 
of 1910 and from my Report on Compressible Fluids, it is 
evident that the tip velocity of the blades cannot be made 
greater than the velocity of sound without loss of efficiency, 
at any rata with a screw of ordinary construction. On the other 
band increasa of pitch necessarily inerensps the rotational com- 
imnent motion of the slipstream, the energy of which is all to 
be regarded as waste. 

If now, the air delivered from the front screw is received on 
a second screw revolving in the opposite direction, it is dear 
that the axial motion imparted by the former decreases the 
eflieieney of the latter, while on the contrary the rotary com- 
ponent increases the sngle of attack at which the air strikes the 
blades of the rear screw, thereby increasing the pressure and 
with it the throat of the screw. It is imsaibie to determine 
mrangements in which the pitches of the screws and their vel- 
wities of rotation are so reached that the t»-o effects neutralize 
each other, in which case there is nothing to be gained nr lost 
)>y placing the screws one behind the other. I think it is safe 
to propt.und the view that the condition may he satisfied in an 
infinite number of ways, assuming the pitches as well as the 
speeds of rotation of both screws be regarded as independent 
variables for the purpose of the problem. This should be ev- 
ident for the number of these variables exceeds the number of 
conditions which they have to satisfy. 

If the pitch of the front screw be decreased, its presence 
will liave a prejudicial effect on the rear screw, hot if it be in- 
creased the air wilt strike the blades of the rear screw at a 
greater angle and its eflieieney will therefore be greater than 
if llie front screw were absent. 

The experimental determination of arrangements in which 
efficiency is neither gained nor lost is esaentially a subject for 
laboratoiy research. 

In onier to gain effleieney by this method it will be seen as 
a necessary first condition that the pitch of the front Screw 
must be h gh. in fact higher than would otherwise be desirable, 
This condition will, further sender it possible to make the rear 
screw also of high pitch since the air strikes it at a hi|dier 
angle than it did previonsly. The ideal combination to be aimed 
at as giving the greatest efficiency according to the present 
theoretical considerations is one in which the rotation generat- 
ed by the front screw is nentraiized by the rear screw, giving 
a oon-rolational slipstream. 

But a two bladed screw will not produce anything like uni- 
fonn rotation in the air in its wake. If two such screws are 
placed behind each other, and we take the case in which they 
are revolving in opposite directions, there will be certain 
positions in wbich the blades of the second screw meet the wash 
of the bisdes of the firat, and these will reenr when each screw 
has revolved through 90 deg., giving 180 deg. for the two, but 
in inteimediate poritions they will be acting on different por- 


tions of air and the tandem arrangement will bo ineffective. 
To secure efficiency it would be necessary to increase the num- 
ber of blades so as to give a slipstream more approaching a 
condition of nnif nnn rotation. 

The increase of pitch will increase the ratio of torque to 
thrust, which is a disadvantage of courae, but it also enables 
the angular velocity of rotation to be decreased in proportiou 
to the translational velocity and it is in this direction thst s 
saving of energy is to be hoped for. On the other hand it will 
enable screws to be used of larger diameter than would other- 
wise be possible, thus obtaining the necessary thrust from ac- 
tion on a larger volume of air. 

Of course the objection arises that by increasing the number 
of blades we are increasing the resistance due to skin friction, 
but this objection is counteracted by the fact that owing to the 
incTcase of pitch, the blades travel through the air at lower 
speed so that the frictional resmstance per unit area is leas. 

There remains the difficulty introduce by the radial motion 
set up by the front screw which tends to drive the air awsy 
from the rear screw. The plan which naturally suggests itself 
is to make the front screw of conical form, placing the blades 
so that they cause the air to converge towards Che aria. If the 
extremities of the blades were bound Mgelher with a ring of 
wire this would give an arrangement of for greater strength 
than the ordinary two blsded propeller, at the expense, of 
course, of the air resistance offered by the wire. 

It is necessary to remember that while all this sounds very 
nice on paper, there may be a hundred and one reasons why 
it may prove an absolute failure when put to the test More- 
over i should not bo surprised to find that all I have said on 
the subject had been previously said by someone else. 

All that can be asserted with any approach to defiuiteuess 
is that it is not sufficient to take two nrdinnry two-bladed 
screws of opposite pitches and place them one behind the other 
and then rush to the conclusion that the eom]>ound principle is 
a failure withonf giving it a fair trial. On the other hand I 
should not l>c in the least surprised if in a fow years time we 
fonnd cnennecis eulogistic in their praise of some new inven- 
tion of the natnre of a compound propeller desired on lines 
more or less closely resembling those I have invested above. 
Possibly eve i the above suggestions may turn out to repre- 
sent a description of a propeller that is already on the market 
under a iiropriclary name. 

The main features suggested above as suggestions for s 
compound airscrew are (1) increased pitch of both screws (2) 
increnaed number of blades (-T1 increased diameter (4) reduc- 
tion of mitnhcr of revolutions (5) possible modification of 
front screw overcoming the centrifugsil component of the dis- 
turiicd air. 

Before leaving the subject of airscrews, and closely connect- 
ed with the Mediterranean experiments, must be mentioned a 
new feature in the construction of airscrews introduced by Mi. 
Nada, a eabinent maker of Bordighere. Mr. Nads has con- 
ceived the idea of enclosing the woodwork of the screw in an 
envelope of canvas, the whole being covered with the coatings 
necessary to produce the some smooth snrfaee that is possessed 
by an ordinary screw. To sew the canvas into the required 
form it has to he cut of a pecular shape, which appears to 
form part of the specification of ^fr. Nada’s invention, I 
believe. 

Whether the canvas coating affect* the strength of the screw 
under ordinary conditions of stress and strain I rather doubt 
Bnt during the war screws had to be made from any wood 
that could got and risks of accidents from flaws in (he wood 
bed to be faced under conditions wbich w-onld havcbcea little 
short of madness had not the risk of danger caused by the 
enemy far outweighed any risk due to straetural defects. It 
was quite certain that even a moderately strong coat of canvas 
would have a marked influence in reducing the weakness 
arising from a flaw in the wood. But in war we have to deal 
not with natural flaws but also with attacks from tnachin* 
guns, and it was found that with the canvas cover, ballets mske 
a clean bole without splintering the blades. Another advantage 
is the protection which the cover affords to the wood im- 
mersed in water, an advantage particularly important in the 
ease of seaplanes. At the time of my visit, Mr. Nada had sent 
a number of these screws to the St. Raphael seaplane station. 
All his screws were made by hand instead of being shaped by 
the machinery that is used in lai^ factories. 


ANNOUNCEMENT 


Mr. C. M. Keys, who recently came into control of the Curtiss 
Aeroplane and Motor Corporation, announces the following foreword to 
the Jliers of America. 

“A Curtiss plan of sales outlining a program 
of particular appeal to American pilots will 
appear in the next issue of this publication. 

“AVe believe it will enable any competent 
flier'^of good character to enter commercial avia- 
tion upon an especially attractive basis. 

“With such a policy in practice and with the 
cooperation of the pioneer Glenn Curtiss and my 
other cissociates, commercial aviation should pro- 
gress impressively, the opportunities of pilots will 
be promoted and the present Air Reserve of 
America substantially reinforced. 

“Linked vrith this sales plan will be zin effec- 
tive service system. 
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For Your Flying 
■* — Boats Use 


Upward of 5,000 paJlont 
of Jeffery'* Patent Water> 
proof Liquid Glue kas been 
used by the U. S. Navy 
and War Department and 
as mncb more by the var- 
ious manufacturers o f 
seaplanes having govern- 
ment contracts. 

L. W. Ferdinand & Co. 

1S2 Knoeland S tr eet 
Boston, Mass., U. S. A. 


LEARN TO FLY 

in old estabTtshed «chno1. under an instructor who has 
given instruction to more 

AMERICAN ACES 

than any other instructor. 

Army Training Planes Used. 
We Build Our Machines. 

PRINCETON FLYING CLUB. Princeton. N. J. 
WEST VIRGINIA AIRCRAFT CO.. Wheeling, W. Va. 
I DAYTONA FLYING CLUB (Winter), Daytona, Fla. 

I 


Grand Rapids Vapor Kilns 

are used by these aircraft concerns with absolute 
satisfaction. 

Standard Aircraft Corporatloo 
Fisher Body Corporation 
American Propeller ft Mfg. Co. 

Alexandria Aircraft Corp. 

Callaudct Aircraft Corp. 

Thonma-Morse Aircraft Corp. 

Submit your drying problem to experts who make a 
specialty of kiln design and are prepared to furnish and 
install ^1 equipment and instruments. 

GRAND RAProS VENEER WORKS 

Grand Rapids, Michigan Seattle, Washington 


^Varwick NON-TEAR Aero-Cloth 


A SAFE CLOTH for FLYING 


For Particulars Apply to 

WELLINGTON SEARS & CO. 

66 Worth Street, New York 


Flottorp Manufacturing Co. 

AIRCRAFT PROPELLERS 

Establuhsd 19U 



213 Lyon St., Grand Rapids, Michigan 


Contractors to United States Government 



TYPE L-6 

AIRPLANE ENGINES 


HaD-Scott Motor Car Company 

West Berkeley, California 




Tbe pioneer manufac- 
ture of airplane parts 
made from bar stock. 
Any and everything 
pertaining to the man- 
ufacture of airplanes. 

Any Quantity 


A. J. MEYER MANUFACTURING CO. 


819 John Street 


West Hoboken, N. J. 



